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(54) Turbine powered electromechanical actuation system 


(57) An electromechanical actuation system (10) for 
a space vehicle includes a propellant source (18) and at 
least one turbine (14) operably connected to the propel¬ 
lant source (18) and rotatable by a flow of propellant (16) 
therefrom. At least one electrical generator (20) is oper¬ 
ably connected to the at least one turbine (14) and is 
configured to convert rotation of the turbine (14) into elec¬ 
trical energy. At least one electromechanical actuator 
(12) is operably connected to the at least one electrical 


generator (20) such that electrical energy from the at least 
one electrical generator (20) drives operation of the at 
least one electromechanical actuator (12). A method of 
operating a turbine powered electromechanical actuator 
(12) for a space vehicle includes rotating the at least one 
turbine (14) via a flow of propellant (16) therethrough. 
Electrical energy is generated in at least one electrical 
generator (20) operably connected to the at least one 
turbine (14) and the electromechanical actuator (12) is 
operated with the electrical energy generated therein. 
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Description 

BACKGROUND OF THE INVENTION 

[0001] The subject matter disclosed herein generally 
relates to electromechanical actuators. More specifically, 
the subject disclosure relates to power and control sys¬ 
tems for electromechanical actuators. 

[0002] Electromechanical actuators are utilized in a 
variety of applications and environments. For example, 
space vehicles often employ thrust vector control of main 
engines during launch and/or maneuvering which re¬ 
quires a means to move the main engine nozzle. Previ¬ 
ously, hydraulic actuation systems were used for this ap¬ 
plication, but such systems are complex and heavy, hy¬ 
draulic fluids pose both a fire and environmental hazard, 
and also require maintenance and thermal conditioning 
prior to launch. Recently, electromechanical actuators 
have begun to replace hydraulic actuators in thrust vector 
control systems. Using electromechanical actuators re¬ 
duces complexity by eliminating the hydraulic fluid sys¬ 
tem, but requires the addition of batteries or use of the 
vehicle’s onboard electrical system to power the electro¬ 
mechanical actuators. On a space vehicle, physical 
space and vehicle weight is a premium, thus the addition 
of large, heavy batteries is undesirable. Further, the ve¬ 
hicle onboard electrical system is not sized to provide 
the electromechanical actuators with power, thus would 
have to be enlarged considerably to accommodate the 
electromechanical actuators. 

[0003] The art would well receive an alternative system 
for providing power to electromechanical actuators for 
thrust vector control and other applications. 

BRIEF DESCRIPTION OF THE INVENTION 

[0004] According to one aspect of the invention, an 
electromechanical actuation system for a space vehicle 
includes a propellant source and at least one turbine op- 
erably connected to the propellant source and rotatable 
by a flow of propellant therefrom. At least one electrical 
generator is operably connected to the at least one tur¬ 
bine and is configured to convert rotation of the turbine 
into electrical energy. At least one electromechanical ac¬ 
tuator is operably connected to the at least one electrical 
generator such that electrical energy from the at least 
one electrical generator drives operation of the at least 
one electromechanical actuator. 

[0005] According to another aspect of the invention, a 
method of operating an electromechanical actuator for a 
space vehicle includes delivering a flow of propellant to 
at least one turbine from a propellant source and rotating 
the at least one turbine via the flow of propellant through 
the at least one turbine. Electrical energy is generated in 
at least one electrical generator operably connected to 
the at least one turbine via rotation of the at least one 
turbine. The electromechanical actuator is operated with 
the electrical energy generated in the at least one elec¬ 


trical generator. 

[0006] According to yet another aspect of the inven¬ 
tion, a thrust vector control system for a space vehicle 
main engine includes at least two electromechanical ac¬ 
tuators operably connected to the main engine, at least 
one of the at least two electromechanical actuators con¬ 
figured to articulate the main engine in a first direction 
and at least one of the at least two electromechanical 
actuators configured to articulate the main engine in a 
second direction. The system further includes a propel¬ 
lant source and at least one turbine operably connected 
to the propellant source and rotatable by a flow of pro¬ 
pellant therefrom. At least one electrical generator is op¬ 
erably connected to the at least one turbine and the at 
least two electromechanical actuators and is configured 
to convert rotation of the turbine into electrical energy 
which drives operation of the at least two electromechan¬ 
ical actuators. 

[0007] These and other advantages and features will 
become more apparent from the following description 
taken in conjunction with the drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0008] The subject matter, which is regarded as the 
invention, is particularly pointed out and distinctly claimed 
in the claims at the conclusion of the specification. The 
foregoing and other features, and advantages of the in¬ 
vention are apparent from the following detailed descrip¬ 
tion taken in conjunction with the accompanying draw¬ 
ings in which: 

[0009] FIG. 1 is a schematic view of and embodiment 
of a turbine powered electromechanical actuation sys¬ 
tem; 

[0010] FIG. 2 is a schematic view of another embodi¬ 
ment of a turbine powered electromechanical actuation 
system; and 

[0011] FIG. 3 is a schematic view of yet another em¬ 
bodiment of a turbine powered electromechanical actu¬ 
ation system. 

[0012] The detailed description explains embodiments 
of the invention, together with advantages and features, 
by way of example with reference to the drawings. 

DETAILED DESCRIPTION OF THE INVENTION 

[0013] Shown in FIG. 1 is a schematic view of an em¬ 
bodiment of a turbine powered electromechanical actu¬ 
ation (EMA) system 10. Such a system may be utilized 
for actuation of main engines of a space vehicle for thrust 
vector control and/or actuation of other components. The 
system includes an electromechanical actuator (EMA) 
12 connected to a component to be actuated (not shown), 
which may be a spacecraft engine or other component. 
Such EMA 12 may be either linear to rotary. To provide 
electrical power to the EMA 12, a turbine 14 is provided. 
The turbine 14 is rotated by a flow of propellant 16. In 
some embodiments the propellant 16 is hydrogen gas 
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which is exhausted from an onboard liquid propellanttank 
18 repressurization system, the liquid propellant utilized 
to power the main engines. In other embodiments, the 
propellant 16 may be compressed helium or other gas, 
solid propellant gas generator or a liquid propellant such 
as hydrazine. 

[0014] The propellant 16 rotates the turbine 14 which 
in turn rotates an electrical generator 20 connected to 
the turbine 14. Speed of rotation of the electrical gener¬ 
ator 20 is controlled by a gearbox 22 disposed, for ex¬ 
ample, between the turbine 14 and electrical generator 
20. Likewise, in some embodiments, rotation speed of 
the turbine 14 is controlled by a speed control device 24, 
for example, a governor 24 or other device connected to 
the turbine 14 and in communication with a propellant 
control valve 26 to control a rate of flow of the propellant 
16. Rotation of the electrical generator 20 generates elec¬ 
trical power which is delivered to a system controller 28. 
[0015] The system controller 28 may perform several 
functions, including power conditioning prior to delivery 
to the EMA 12 and communication with a vehicle flight 
computer 30. Further, the system controller 28 commu¬ 
nicates with a plurality of EMA sensors 32 disposed at 
the EMA 12. The quantity of EMA sensors 32 utilized 
depends on the motor type and the position feedback 
requirements of the system. EMA sensors could those 
for motor commutation, position feedback, health moni¬ 
toring and other uses. The plurality of EMA sensors 32 
monitor position of the EMA 12 and to provide health 
monitoring of the EMA 12 to the vehicle flight computer 
30. When commanded by the vehicle flight computer 30, 
the system controller 28 provides power to one or more 
motors 40 connected to the EMA 12 to actuate the EMA 
12 and change position of the attached component. 
[0016] Referring now to FIG. 2, a schematic view is 
shown utilizing two EMAs 12 to control thrust vectoring 
of a main engine 34 of a spacecraft. A first EMA 12a is 
utilized to control motion of the main engine 34 along a 
first axis 36 and a second EMA 12b is utilized to control 
motion of the main engine 34 along a second axis 38. As 
shown in FIG. 3, in some embodiments, EMA 12a and 
EMA 12b are controlled by independent system control¬ 
lers 28 which are connected to separate turbines 14. In 
other embodiments, however, the EMA 12a and 12b may 
be powered by a single, shared, turbine 14 through a 
single system controller 28. Further, in other embodi¬ 
ments where redundancy of components is required, 
more than one, for example, two EMA's 12a and two 
EMA’s 12b are connected to the main engine 34 to main¬ 
tain operability of the EMA system 10 in case of a failure 
of one or more of the EMA's 12. Additionally, an EMA 12 
with more than one motors 40 and multiple load paths 
could be used to provide EMA 12 redundancy. To further 
meet redundancy requirements of a particular system, 
and combination of system controllers 28 and turbines 
14 may be interconnected to form the EMA system 10. 
An example of such an arrangement is shown in Figure 3. 
[0017] The herein described EMA system 10 provides 


electrical power to one of more EMA's 12 through the 
use of one or more turbines 14. Use of the one or more 
turbines 14 powered by propellant 16 from, for example, 
an onboard propellant tank 18 repressurization system 
provides a lightweight solution to replace the use of bat¬ 
teries to power the EMA's 12. Further, such a system 
eliminates the need to provide hydraulic fluid to power 
actuators thereby eliminating an environmental and fire 
hazard and further eliminating a need for pre-launch ther¬ 
mal conditioning of the hydraulic fluid and reducing as¬ 
sociated hydraulic fluid system maintenance require¬ 
ments. 

[0018] While the invention has been described in detail 
in connection with only a limited number of embodiments, 
it should be readily understood that the invention is not 
limited to such disclosed embodiments. Rather, the in¬ 
vention can be modified to incorporate any number of 
variations, alterations, substitutions or equivalent ar¬ 
rangements not heretofore described. Additionally, while 
various embodiments of the invention have been de¬ 
scribed, it is to be understood that aspects of the invention 
may include only some of the described embodiments. 
Accordingly, the invention is not to be seen as limited by 
the foregoing description, but is only limited by the scope 
of the appended claims. 


Claims 

1. An electromechanical actuation system (10) for a 
space vehicle comprising: 

a propellant source (18); 
at least one turbine (14) in flow communication 
with the propellant source (18) and rotatable by 
a flow of propellant (16) therefrom; 
at least one electrical generator (20) operably 
connected to the at least one turbine (14) con¬ 
figured to convert rotation of the at least one 
turbine (14) into electrical energy; and 
at least one electromechanical actuator (12) op¬ 
erably connected to the at least one electrical 
generator (20) such that electrical energy from 
the at least one electrical generator (20) drives 
operation of the at least one electromechanical 
actuator (12). 

2. The electromechanical actuation system (10) of 
Claim 1 wherein the at least one electromechanical 
actuator (12) is at least two electromechanical actu¬ 
ators (12). 

3. The electromechanical actuation system (10) of 
Claim 1 or 2 wherein a discrete electrical generator 
(20) of the at least one electrical generator (20) is 
operably connected to each electromechanical ac¬ 
tuator (12) of the at least one electromechanical ac¬ 
tuator (12). 
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4. The electromechanical actuation system (10) of 
Claim 1, 2 or 3 wherein the flow of propellant (16) 
comprises one of a hydrogen gas vented from a liquid 
hydrogen propellant tank (18) repressurization sys¬ 
tem, compressed helium or other gas, solid propel¬ 
lant gas generator, or a liquid propellant. 

5. The electromechanical actuation system (10) of any 
preceding Claim further comprising at least one sys¬ 
tem controller (28) operably connected to the at least 
one electrical generator (20) and configured to con¬ 
trol flow of electrical energy to the at least one elec¬ 
tromechanical actuator (12), wherein preferably the 
at least one system controller (28) is operably con¬ 
nected to a vehicle flight computer (30). 

6. The electromechanical actuation system (10) of any 
preceding Claim further comprising at least one gov¬ 
ernor (24) operably connected to the at least one 
turbine (14) to control rotation thereof. 

7. The electromechanical actuation system (10) of 
Claim 6 further comprising a propellant control valve 
(26) operably connected to the at least one governor 
(24) to control a flow rate of flow of propellant (16) 
into the at least one turbine (14). 

8. A method of operating a turbine powered electrome¬ 
chanical actuator (12) for a space vehicle compris¬ 
ing: 

delivering a flow of propellant (16) to at least one 
turbine (14) from a propellant source (18); 
rotating the at least one turbine (14) via the flow 
of propellant (16) through the at least one turbine 
(14); 

generating electrical energy in at least one elec¬ 
trical generator (20) operably connected to the 
at least one turbine (14) via rotation of the at 
least one turbine (14); and 
operating the electromechanical actuator (12) 
with the electrical energy generated in the at 
least one electrical generator (20). 

9. The method ofClaim 8furthercomprising controlling 
a flow of electrical energy to the at least one electro¬ 
mechanical actuator (12) via at least one system 
controller (28) operably connected to the at least one 
electrical generator (20). 

10. The method of Claim 9 further comprising receiving 
commands from a vehicle flight computer (30) to di¬ 
rect the flow of electrical energy via the at least one 
system controller (28). 

11. The method of Claim 8, 9 or 10 further comprising 
controlling rotation of the at least one turbine (14) 
via at least one speed control device (24) operably 


connected to the at least one turbine (14). 

12. The method of Claim 11 further comprising control¬ 
ling a flow rate of the flow of propellant (16) into the 
at least one turbine (14) via a propellant control valve 
(26) operably connected to the at least one speed 
control device (24). 

13. A thrust vector control system for a space vehicle 
main engine (34) comprising: 

an electromechanical actuation system (10) for 
a space vehicle as claimed in any of claims 1 to 
7, in which at least two electromechanical actu¬ 
ators (12) operably connected to the main en¬ 
gine (34), one or more of electromechanical ac¬ 
tuators (12) of the at least two electromechanical 
actuators (12) configured to articulate the main 
engine (34) in a first direction (36) and one or 
more electromechanical actuators (12) of the at 
least two electromechanical actuators (12) con¬ 
figured to articulate the main engine (34) in a 
second direction (38). 

14. The thrust vector control system of Claim 13 wherein 
the at least one turbine (14) is at least two turbines 
(14). 

15. The thrust vector control system of Claim 14 wherein 
the at least one electrical generator (20) is at least 
two electrical generators (20), each electrical gen¬ 
erator (20) of the at least two electrical generators 
(20) operably connected to one or more turbines (14) 
of the at least two turbines (14) and to one or more 
electromechanical actuators (12) of the at least two 
electromechanical actuators (12). 
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